
Appendix A

 Zero Discharge Demonstration Program
Pollutants, Lake Superior Critical, 

and Prevention Pollutants (Organics): 
How Are These Chemicals Used?



A.1 Introduction
Nine chemicals were named in the Binational Program for the Lake Superior Zero Discharge
Demonstration Program (ZDDP).  For five of the chemicals, mercury, polychlorinated biphenyls
(PCBs), dioxin, hexachlorobenzene (HCB), and octachlorostyrene (OCS), a number of uses
contribute(d) loads of pollutants to the environment. The uses of these chemicals are described
and graphically depicted in Section A.2.

The remaining four ZDDP chemicals were used as pesticides: DDT, chlordane, dieldrin, and
toxaphene.  These organic chemicals are easily volatilized and carried into the atmosphere.  The
past uses of these chemicals are briefly described in Section A.3.  Since the production and use of
these chemicals have been banned by both the United States and Canada, and since no known
uses currently exist, no use trees were developed for these chemicals.   

A.2 Non-Pesticide ZDDP Pollutants
The following sections contain information regarding the historical and present use and
sources of the five non-pesticide ZDDP pollutants.

A.2.1 Mercury

Mercury is included in the Zero Discharge Demonstration based on its toxicity to humans
and wildlife, its impact on beneficial uses for Lake Superior, and its wide range of
sources both inside and outside the Lake Superior basin (See Mercury Use Tree). 
Although mercury is a naturally-occurring element, its use in various products and
applications results in environmental releases.  Examples of products containing mercury
include: thermometers, batteries, electrical switches, pigments, and preservatives. 
Applications of mercury include electroplating, ore extraction, and electrolysis.  Mercury
is also released in combustion, mining, and manufacturing.

A.2.2 PCBs

PCBs are in the Zero Discharge Demonstration based on its toxicity to humans and
wildlife, its persistence and bioaccumulative properties, and its impact on beneficial uses
of Lake Superior.  Although PCBs were banned in 1979, there are an estimated 340,000
tons still in use in the United States and Canada (See PCB Use Tree).  While PCBs had a
wide variety of uses, most of the PCBs still in use serve as coolant insulation fluids in
electrical transformers and capacitors.  PCBs were sold under the trade names of Aroclor,
Askeral, and PCB Askarel.

A.2.3 Dioxin

Dioxin is a Zero Discharge chemical because of its high toxicity, its impact on beneficial
uses for Lake Superior, and its wide range of sources (see Dioxin Use Tree).  Dioxin is
created by a variety of processes, including some natural processes.  U.S. Environmental
Protection Agency's dioxin reassessment document identifies four major sources of
dioxin:
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Mercury cell process

etching steel/iron*
fire gilding*
blackening brass*
gun bluing*

production of chlorine, sodium 
hydroxide (caustic soda), potassium
hydroxide and products
manufactured with these chemicals

snow mold control*

latex paint*
marine paint*
gold porcelain paint*
corrugated cardboard glue

colored papers
horn
inks
linen
plastics
rubber
sealing wax

beaver and rabbit pelts

catalyst for curing

Pigment

Stain for wood*

Mordant for dye

Pharoah's serpents*
Bengal green lights*

intensifier*
magic photograms*

Plastics

Fireworks5

Photography*

Coloring

Seed protectant*

Paper mill slimicide*

Golf courses

Fabric treatment

Root maggot control*

Paint and glues

Fungicide/pesticide

Anatomical 
specimens*

Embalming*

Tanning*

Preservative

O ther deliberate
uses

Chlor-alkali industry

Mining/metals
industry

Extracting gold and
silver from ore

4

Extracting gold from lead

Electroplating aluminum

O ther processes

Prepared by

Lake Superior
W ork Group

N uclear weapon production

W ood preservative* 

Explosives* mercury fulminate* 

outdoor fabric treatment*
imported gray goods

Enrichment of lithium7
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municipal solid waste
medical waste
sewage sludge
cremation

coal
oil
natural gas
wood

smelting
roasting
secondary steel production

Cinnabar

Volcanos

Incineration

Fuel combustion

Chlor-alkali products

Mineralized bedrock

Mining

US government
stockpile7

Recycling

Combustion

Vaporization

Product contaminant

Mines with mercury as
the primary product6

Mines with secondary
production of mercury

Facilities include
fluorescent lamp recycling
and thermostat recycling

*

1

2

3

4

5

6

7

 Use is known or assumed to be discontinued.
 Use has been discontinued in new equipment but old equipment may still be in use.
 These products are banned in some jurisdictions.
 Caribbean, Chinese, Central America, possibly Hmong.
 Use of mercury for gold and silver mining is discontinued in the US and Canada, except for
  recreational mining; use of mercury for commercial gold mining continues elsewhere (e.g., Brazil).
 Fireworks made in the US no longer contain mercury but imported fireworks may.
 Mercury mines existed in the US and Canada but have discontinued due to the market and
  environmental regulations.  G lobally, mercury mines continue to operate.
 The US Department of Defense suspended sales in 1994 and is consulting with EPA.

Prepared by

Lake Superior
W ork Group

Landfill gas

Petroleum refining

W astewater
treatment plants

Mining/Metals
Production
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A skarel (A raclor)

PCB contaminated
mineral oils

Base

Pumps

Hydraulic fluids

Heat transfer fluids

Flame retardant

Plasticizer

Road oil

Cutting oil

Pesticides

Transformers

Capacitors

O ther equipment

Transformer
 changeout

Printing inks and pastes

Carbonless copy paper

Vapour diffusion

Vacuum

Cookware

Heating coils

Fire-proof panels

Lubricating oils and
oil additives

lamp ballasts:
fluorescent
high intensity discharge

circuit breakers
switches
reclosers
voltage regulators
electromagnets
cable

cooking oil refining

bridge bearing lubricants
air compressor lubricants

paints
varnishes
laquers

joints 
automobile bodies

envelopes
tapes
self-adhering films

voltage regulator (power lines)

starting aid (single phase motors)

power factor correction:
rectifier
AC induction motors
furnaces

consumer electrical items:
refrigerators
telephones
washing machines

water well pumps

Resins

Synthetic rubber

Surface coatings

W ax

Sealants

W aterproofing compound

G lues and adhesives

Machine shops

Microscope slide oil
W iping rags

Safety equipment

Machinery

Soil, gravel, asphalt, sediment

Fuel oil and waste oil *discontinued uses

Prepared by

Lake Superior
W ork Group
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Industries

Incinerators

O pen sources

Utility boilers

Transportation

Residential furnaces
and stoves

C
o
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Industrial operations

Industrial Fuel
Consumption

Municipal
Incinerators

Commercial/
institutional
incinerators

W igwam burners/
wood waste burners

Forest fires

Prescribed burning

Industiral fires

N atural gas

O il-fired

Coal-fired

G asoline vehicles

O ther combustion

D iesel vehicles

W ood combustors

O il-gas furnace

Tobacco

pulp and paper
chemical industry
reactivation of granular carbon
dry cleaning
textile industry
manufacturing of brominated 
    fire-retardents
petroleum cracking
PCV manufacturing
thermal generating stations
secondary copper production
steel production (coke)
metallurgical processes

oilers (oil and natural gas)
stoker coal-fired units
boilers (wood)

sewage sludge
municipal waste

hospitals
apartments
hotels/institutions

2, 4, 5-T treated forests (in 1960s 
and 1970s)

PCBs (e.g., transormers)
polyvinyl chloride (PVC)
chemicals

wood stoves
fireplaces
furnaces

Prepared by

Lake Superior
W ork Group
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C hlorine bleaching
process

Use of chlorophenols

W ater and sewage
treatment plant

disinfection?

Production of PC Bs

Production of other 
chlorinated organics

Incinerator ash

* discontinued use

Pesticides

Health care (dental
product(s)

D isinfectants

Pentachlorophenol

Tetrachloroethylene
(perc)

2,4-DP
2,4-DB
2,4-D
Agent O range (2,4-D and 2,4,5-T*)
2, 4, 5-T*
MO PA  and MO PS
Ronnel
Silvex
D icambe
Sodium pentachlorophenate

hexachlorophene

sodium pentachlorophenol

wood preserving:

railroad ties
support structures for piers and bridges
external building construction
utility pole treatment
additive in stains and paints

other:
leather tanning
greenhouse soil treatment
molluscicide
fungicide for petroleum production and 
  pulp and paper manufacturing
slimicide in water towers
treatment of outdoor textiles (e.g., 
  canvas, cable coverings)
cutting oil
preharvest defoliant for certain crops
preservative in starches, dextrins 
  and glue
preserving of cotton in sea transport

Paper products and
textiles

C hemical waste

Prepared by

Lake Superior
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production of aromatic
fluorocarbons

(e.g., hexafluorobenzene)

PC P manufacture (European method)

peptizing agent for nitrose and styrene
type rubbers (auto tires)

chemical intermediate for dyes

O rganic synthesis

Fungicide wheat
sunflower
other small grains

chlorine
caustic soda
sodium metal

titanium dioxide

Raw material

M
an

uf
ac

tu
ri

ng
C

o
m

bu
st

io
n

Product

By-product

Incineration of
sludge and solid

waste

Plasticizer for vinyl
chloride

W ood preservative*

Veterinary use* treatment of w ireworms

K N O W N  SO U RCES**
carbon tetrachloride
pentachlorobenzene
tetrachloroethylene (perc)
trichloroethylene

K N O W N  SO U RCES***
dichloram
dimethyltetrachloroterephthalate
(dacthal)
lindane (H C B is a metabolite)
m-tetrachlorophthalonitrile (chlorothaionil)
mirex
pentachlorobenzene (PC N B)
pentachloronitrobenzene
pentachlorophenol

Ammunition and
pyrotechnic additive*

Synthetic rubber*

Preservative for paper*

industrial chemical
manufacture

Pesticide
manufacture

A luminum
manufacture*

Electrode
manufacture*

Nonferrous metal
manufacturing

Flue gases and
fly ash

Electrolysis

Results from use of
PC P as a preservative 

for cotton*

Prepared by

Lake Superior
W ork Group
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A.3 ZDDP Pollutants Used as Pesticides

The following sections contain information about the past uses of the four pesticide
ZDDP pollutants.

A.3.1 Chlordane

Chlordane was used for the control of ants and other insects on corn, grapes, strawberries,
and other crops.  It was also used by veterinarians to control fleas, lice, ticks, and mange. 
Most uses of chlordane were banned in the United States in 1978.  Use of chlordane as a
termiticide was halted in 1988 pending air monitoring tests.  In Canada, registration of
chlordane was discontinued in 1990.

A.3.2 DDT

DDT was used as a pesticide against the Japanese beetle, spruce bud worm, gypsy moth,
codling moth, and Dutch Elm Disease bark beetle.  It was used heavily in cotton fields in
the United States and during WWII to control outbreaks of typhus.  In addition to the use
of pure DDT, it also made up 15% of the pesticide Dicofol.  This pesticide was used on
citrus and apple crops, as well as on other fruit trees and ornamental plants.  In the U.S.,
the use of DDT was canceled in 1973 and Dicofol was banned in 1988.  In Canada,
registration of DDT was discontinued in 1985.

A.3.3 Dieldrin

Dieldrin was used widely from 1950 to 1974 for soil-dwelling insects, especially termites. 
 It was also used on cotton, corn, and citrus crops.  Other uses included locust control,
vector control, fire ant control, wood preservative, and moth-proofing wool products.  All
uses of dieldrin in the United States have been canceled or suspended.  In Canada,
registration of dieldrin was discontinued in 1990.

A.3.4 Toxaphene

Toxaphene was used as a pesticide against army worms, bollweevil, boll worm, cotton
aphid, cotton fleahopper, cotton leafworm, grasshopper, rapid plant bug, and thrips. 
Large amounts of toxaphene were used in the southern United States to control pests on
soybeans, cotton, and grain.  It was also used as a cattle dip.  All uses of toxaphene were
canceled in the United States in 1982.  In Canada, the pesticide use of toxaphene was
suspended in 1980.

A.4 Uses of Prevention and Remediation Lakewide Management Category Chemicals

Uses are described for a number of additional organic chemicals that fall into the
remediation and prevention management categories (see Table A-1).  These chemicals
include BHC, 2-chloroaniline, 3,3'-dichlorobenzidine, 1,4-dichlorobenzene,
heptachlor/heptachlor epoxide, hexachlorobutadiene, mirex/photomirex, PAHs,
pentachlorobenzene, pentachlorophenol, 1,2,3,4-tetrachlorobenzene, 1,2,4,5-
tetrachlorobenzene, and tributyl tin.
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    Table A-1.  Lake Superior Prevention and Remediation Lakewide Chemicals (Organics) 

Chemical
LaMP

Category Sources Other names

BHC1, alpha Remediate:
Lakewide

Toxic hexachlorocyclohexane isomer found in BHC and technical Lindane
(see BHC)

alpha
hexachloro-
cyclohexane

BHC1,2, beta and delta
and congeners

Prevention:
Investigate

Insecticide for rice; seed treatment for cereals, sugar beets and rapeseed;
used against cockroaches, flies, aphids, grain weevils and beetles; scabicide
ointment for human use; veterinary use for external parasites; BHC (except
for gamma-BHC [Lindane]) was canceled in 1978

hexachlorocyclo-
hexane, HCH,
benzene
hexachloride

2-chloroaniline Prevention:
Investigate

Used in making synthetic rubber parts as well as epoxy resin, urethane foam
padding, gun mounts, jet engine turbine blades, radar systems and
components in some home appliances

4,4’-methylenebis

3,3’-
dichlorobenzidine3

Prevention:
Investigate

Used in manufacture of pigments (azo dyes) for printing ink, textiles, plastics
and crayons; intermediate for Benzidine Yellow pigments; curing agent for
solid urethane plastics

1,4-dichlorobenzene Prevention:
Monitor

Fumigant used for control of clothes moth and mildew  and  mold on leather
and fabrics; air deodorant (including urinal deodorizers); by-product in
manufacture of monochlorobenzene

para-
dichlorobenzene;
PDB

heptachlor/
heptachlor epoxide1

Remediation:
Lakewide

Termiticide, used against Japanese beetle, fire ants, boll weevil and soil
insects; most uses canceled; certified applicators can use it on pineapples
and sugarcane; use as termiticide in US halted pending testing; contaminant
in chlordane

hexachlorobuta-diene Prevention:
Investigate

Solvent for elastomers (rubberlike polymers), heat transfer fluid, transformer
and hydraulic fluid, wash liquor for removing higher hydrocarbons

mirex/photo mirex Prevention:
Monitor

Insecticide (particularly effective against fire ants and cockroaches); fire
retardant for plastics, rubber, paint, paper and electrical goods; 25% of the 3.3
million pounds produced in the US were used for pesticide, remainder used
as fire retardant; all registered uses in US were canceled in 1977; banned in
1994 in Ontario; never registered or used in Canada by the agriculture
industry.

chlordecane

PAHs Remediation:
Lakewide

benzo[a]pyrene is the most toxic of the PAHs; naphthalene is used in
production of phthalic acid; PAHs are found in petroleum products (e.g.,
creosote and asphalt) and formed during incomplete combustion; sources
include heat and power generation, cigarettes, refuse burning, industrial
activity (i.e., coke ovens and aluminum smelting), coal refuse heaps; can be
formed naturally in forest fires; transportation accounts for 1% of PAHs
emitted nationwide, but may account for 50% of urban PAH exposure

polynuclear
aromatic
hydrocarbons,
PNAs, POMs;
benzo[a]pyrene is
also known as
BAP
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  Table A-1.  Continued.

Chemical
LaMP

Category Sources Other names

pentachlorobenzene Prevention:
Monitor

precursor and impurity in soil fungicide pentachloronitrobenzene; also used as
a fire retardant and in dielectric fluids; there is no Canadian production or
demand for pentachlorobenzene; Lindane degrades to pentachlorobenzene

pentachlorophenol Prevention:
monitor

preservative/termiticide for wood; preservative for starches, dextrins and
glues; major use (90%) was as a wood preservative; 9% went to production of
sodium pentachlorophenate; PCP and Na-PCP together were formerly the
second most used pesticide in the US as preharvest defoliant for cotton and
as a general herbicide; Na-PCP used for marine anti-fouling paint, cooling
tower disinfection, fungicide in textiles and general disinfectant; PCP is a
breakdown product from HCB and pentachlorobenzene

PCP

1,2,3,4-
tetrachlorobenzene

Prevention:
Monitor

no known production (circa 1988) in the US; has been used in dielectric fluids;
no known current uses in Canada

1,2,4,5-
tetrachlorobenzene

Prevention:
Investigate

used as a chemical intermediate (e.g., used to make 2,4,5-T and other
organic chemicals); used in the dye industry; used in moisture-proofing
electrical insulation

tributyl tin Prevention:
Investigate

antifoulant; preservative in adhesives, leather, glass, paint, paper and wood;
antifouling uses of tributyl tin were eliminated in Ontario in 1989

1  See pesticide straw paper.
2  Technical grade Lindane is a mixture of HCH isomers.  
3  No substitutes for many of its uses.

Sources: A Compendium of Information on Pesticides Used in the Atlantic Region EC, 1990); CEPA Assessment Reports (E.C.); COA
Pesticide Review; Farm Chemicals Handbook (1990); Handbook of Toxic and Hazardous Chemicals and Carcinogens (1985); Merck Index
(1983); National Study of Chemical Residues in Fish, Vol. II (EPA, 1988)


